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Recurrence of intracranial aneurysms in autosomal-dominant Intracranial aneurysms (ICAs) and rupture of intra-
polycystic kidney disease. cranial aneurysms (RICAs) are important clinical mani-
Background. The natural history of intracranial aneurysms festations of autosomal-dominant polycystic kidney disease
(ICAs) in individuals with autosomal-dominant polycystic kid- (ADPKD). There is considerable evidence that ADPKD
ney disease (ADPKD) is poorly defined.
individuals have a higher prevalence of ICAs than theMethods. We followed twenty ADPKD subjects, eleven with
general population. Three large prospective studies inruptured and nine with intact ICA, for 15.2 8.1 years (range,
North American ADPKD populations have found a prev-6.0 to 33.2 years). Initial diagnosis was by four-vessel cerebral
angiography in eighteen subjects. Follow-up examinations were alence of ICA of 4% to 11.7%, in contrast to the 1%
four-vessel cerebral angiography in fourteen and magnetic res- prevalence in the general population [1–4]. The lifetime
onance angiography (MRA) in six subjects. We examined the risk of rupture of an ICA in ADPKD individuals is un-
occurrence of new ICAs, an increase in size of existing ICAs, known. The rupture rate in the general population with
recurrent rupture or surgical intervention, and death. ICA is dependent on the size of the aneurysm. RuptureResults. Age at initial diagnosis of ICA was 37.7 10.4 years
is rare in aneurysms less than 10 mm in diameter, but is(range, 20.2 to 53.1 years). Seventeen subjects (85%) had an
significant in aneurysms over 10 mm in diameter [5–7].anterior and three (15%) had a posterior ICA at initial diagno-
In the large international study of unruptured ICAs insis. On restudy, five subjects (25%) had a significant change,
consisting of new ICAs in a different location in all five and the general population, patients with small ICAs that
an increase in size of an existing ICA in two of the five. All were less than 10 mm in diameter, and without a previous
subjects with ruptured ICA and one subject with intact ICA history of ruptured ICA, had a rupture rate of approxi-
had undergone surgery at the time of initial diagnosis. Ten mately 0.05% per year [7]. However, ICAs of the same
subjects (50%) underwent further surgery 8.1 6.1 years later
size in patients with a history of previously ruptured ICA(1.3 to 17 years). No subject died during follow-up and one
were much more likely to rupture (0.5% per year). Thesubject experienced a recurrent RICA (RICA). We were un-
rupture rate for all patients with aneurysms larger thanable to identify risk factors associated with development of a
new ICA or increase in size of an existing ICA. 10 mm in diameter was approximately 1% per year [7].
Conclusion. Individuals with ADPKD and ICA appear to Growth rates and development of second ICAs are
be at moderate risk for new ICAs and increase in size of existing also unknown. The occurrence of a second RICA in
ICAs; mortality and risk of recurrent rupture, however, appear ADPKD patients has been reported; one retrospective
to be low.
study of 71 ADPKD patients with RICA found four
late deaths due to recurrent hemorrhage from another
aneurysm among 62 long-term survivors of a first RICA
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[8]. However, rates of recurrence of ICAs or RICA andkidney disease; subarachnoid hemorrhage; magnetic resonance angiog-
raphy; cerebral arteriography; surgical clipping of aneurysm. overall survival in ADPKD individuals with known ICA
are unknown. In order to obtain more information on
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of ADPKD patients with ICA, we followed ADPKD preted by the same neuroradiologist (D.R.) and neurolo-
gist (R.H.) and were considered to be of adequate quality.subjects with a history of RICA or with an asymptomatic
ICA detected by screening. Eight additional subjects were identified with either a
history of RICA (N  4) or a positive imaging study for
ICA (N  4, one at the UCHSC). These subjects were
METHODS
not restudied because less than 4 years had elapsed (N3),
From 1985 to 1998, a large study of the natural history we were unable to obtain the films or records from the
of ADPKD was conducted at the University of Colorado. initial diagnosis (N  1), the subject was lost to follow-
No subject with end-stage renal disease (ESRD) was up (N  1), the subjects refused restudy (N  2), or the
included in this study. Participating subjects underwent subject could not undergo a restudy with contrast due
a history and physical examination by a single nurse to a kidney transplant or MRA due to prior clipping of
practitioner or physician in the Clinical Research Center ICAs (N  1). These eight subjects were not included in
at the University of Colorado Health Sciences Center the present study. None of the seven subjects contacted
(UCHSC). This study was approved by the Colorado reported any new RICA.
Multiple Institutional Review Board. Informed consent A new ICA was defined as a previously undetected
was obtained from each subject participating in this study. ICA of greater than 2 mm diameter. Growth of a pre-
A formalized interview was conducted, and specific in- viously existing ICA was defined as a change of greater
quiries were made about a history of ICA and RICA. than 2 mm in diameter. These definitions were based
We identified eight subjects with a history of RICA who on the actual review of the follow-up films in all cases.
had undergone successful surgical repair, one subject who Because several subjects had more than one reimaging
had had two unruptured aneurysms surgically clipped, study, the period of restudy was defined as the time from
and one subject with a recent diagnosis of ICA by screen- the initial diagnosis of ICA to the first detected change
ing. An additional three subjects with previous RICA or, in the absence of change, time to the last restudy.
contacted our research group to inquire about study par- Time followed was defined as the period from initial
ticipation. Two of them were not formally evaluated at diagnosis to May 2000 or later, at which time subjects
the UCHSC because they had entered ESRD and one were contacted by telephone to confirm their survival,
did not wish to be evaluated because she had recently to provide information regarding any new neurological
undergone her repeat imaging study. All three were able event including recurrent RICA or surgery, and to obtain
to provide complete documentation of their RICA and information on their renal status. Surgical intervention
subsequent imaging studies. The information on all pre- for an ICA more than 1 year removed from the initial
vious ICAs was verified by reviewing hospital records, diagnosis of ICA was also examined. Surgical interven-
physician records, radiologic reports and films, and oper- tion was performed at the recommendation of each sub-
ative reports with the permission of each subject. ject’s personal neurosurgeon. Possible risk factors for
Four other ADPKD subjects with ICA were identified ICA such as positive family history, presence of hyper-
from our study of the prevalence of ICA in asymptomatic tension or smoking, and gender were also examined.
ADPKD subjects without a history of ICA or RICA [1], Values are expressed as the mean  standard devia-
and three additional subjects with ICA were identified tion (range). Continuous variables were compared be-
at their UCHSC visit as part of our ongoing screening tween groups using the rank sum test. Frequencies were
study. These subjects underwent either four-vessel cere- compared between groups using Fisher exact test. P val-
bral angiography initially or computed tomography (CT) ues 0.05 are reported.
angiography followed by four-vessel cerebral angiogra-
phy if the CT angiography was suspicious for ICA.
RESULTSThese twenty subjects were the participants in the
current study. At various time intervals after their initial Twenty patients (ten men and ten women) from nine-
teen families (two were sisters) were followed for annatural history study (N 17) or their telephone contact
(N  3), they were asked to participate in a rescreening average period of 15.2 8.1 years (6.0 to 33.2 years) after
their initial diagnosis of ICA. We specifically examinedstudy with four-vessel cerebral angiography. If they did
not have intact renal function (creatinine greater than 1.5 whether new ICA formed over time or whether existing
ICA increased in size (change), whether new rupturesmg/dL) or were unwilling to undergo four-vessel cerebral
angiography, they were offered magnetic resonance an- or surgical interventions (new event) occurred, and the
long-term outcome of patients with a previously diag-giography (MRA). If a subject had undergone a recent
study (four-vessel cerebral angiography, CT angiography, nosed ICA. Age at initial diagnosis of RICA or asymp-
tomatic ICA was 37.7  10.4 years (20.2 to 53.1 years).or MRA) at another institution, their films were obtained
with their permission and reviewed by one staff neuro- The eight subjects with a history of RICA who were
seen at the UCHSC were evaluated 5 to 18 years afterradiologist at the UCHSC. All imaging studies were inter-
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Table 1. Method of detection and location of intracranial aneurysms in each subject
Age at initial Location of Age at
Subject number diagnosis aneurysm(s) restudy
(gender) years Test at initial diagnosis at initial diagnosis years Test at restudy
Group diagnosed through intracranial aneurysm rupture
1. (Female) 32.4 Four-vessel cerebral angiography Anterior circulation 44.4 Four-vessel cerebral angiography
2. (Female) 20.2 Four-vessel cerebral angiography Posterior circulation 40.6 Four-vessel cerebral angiography
3. (Female) 22.6 Four-vessel cerebral angiography Anterior circulation 37.5 Four-vessel cerebral angiography
4. (Male) 29.3 Four-vessel cerebral angiography Anterior circulation 58.1 Magnetic resonance angiography
5. (Female) 44.6 Four-vessel cerebral angiography Posterior circulation 49.3 Four-vessel cerebral angiography
6. (Male) 37.4 Four-vessel cerebral angiography Anterior circulation 42.9 Four-vessel cerebral angiography
7. (Male) 37.2 Four-vessel cerebral angiography Anterior circulation 62.7 Magnetic resonance angiography
8. (Male) 34.3 Four-vessel cerebral angiography Anterior circulation 42.1 Four-vessel cerebral angiography
9. (Female) 37.7 Four-vessel cerebral angiography Anterior circulation 45.0 Four-vessel cerebral angiography
10. (Female) 35.8 Four-vessel cerebral angiography Anterior circulation 46.2 Four-vessel cerebral angiography
11. (Female) 23.2 Four-vessel cerebral angiography Anterior circulation 53.4 Magnetic resonance angiography
Group diagnosed through screening for intact intracranial aneurysm
12. (Female) 28.7 Four-vessel cerebral angiography Anterior circulation 39.2 Four-vessel cerebral angiography
13. (Male) 45.2 Four-vessel cerebral angiography Anterior circulation 55.0 Magnetic resonance angiography
14. (Male) 44.1 Four-vessel cerebral angiography Anterior circulation 56.8 Four-vessel cerebral angiography
15. (Male) 45.9 Four-vessel cerebral angiography Anterior circulation 52.2 Four-vessel cerebral angiography
16. (Male) 52.4 Four-vessel cerebral angiography Posterior circulation 56.9 Magnetic resonance angiography
17. (Female) 53.1 Four-vessel cerebral angiography Anterior circulation 54.7 Four-vessel cerebral angiography
18. (Male) 49.4 Magnetic resonance angiography Anterior circulation 52.3 Four-vessel cerebral angiography
19. (Male) 28.0 Computed tomography angiography Anterior circulation 34.0 Magnetic resonance angiography
20. (Female) 52.4 Four-vessel cerebral angiography Anterior circulation 57.8 Four-vessel cerebral angiography
their rupture. The subject with two clipped unruptured MRA, and fourteen with four-vessel cerebral angiogra-
phy. These follow-up studies occurred during or afterICAs was seen at the UCHSC 5 years after the initial
diagnosis of ICA. The subject with a recent diagnosis of their UCHSC visit (or telephone contact) with two ex-
ceptions. One subject was seen at the UCHSC 4 monthsICA had a confirmatory imaging study at her UCHSC
visit 4 months later. The three subjects with a history of after his follow-up imaging study and one subject con-
tacted us 1 month after her follow-up imaging study.RICA who contacted us by telephone were able to pro-
vide complete documentation of the initial RICA, which Neither of these two subjects had changes seen on re-
study. All follow-up studies were either performed atoccurred 7 to 25 years earlier, as well as adequate images
of subsequent studies. The remaining seven subjects the UCHSC (N  13), or the films were reviewed at the
UCHSC (N  7).were diagnosed with ICA at their initial evaluation at
UCHSC. Five subjects (25%) had a change on restudy, con-
sisting of a new ICA in a different location in all fiveMethods of detection and locations of ICAs are shown
in Table 1. Eleven subjects presented with a history of and in addition an increase in size of an existing ICA in
two (Table 2). Four of the five subjects had initially pre-RICA (55%) and nine subjects were diagnosed with intact
ICA (45%). The intact ICA was diagnosed by four-vessel sented with RICA and had undergone surgery at that time.
One of the five subjects was initially diagnosed throughangiography in seven subjects, by MRA in one, and by
CT angiography in one. Thus, eighteen of twenty subjects screening (subject 14). Figure 1 illustrates the increase
in size of an asymptomatic right middle cerebral arteryhad their initial diagnosis of ICA through four-vessel
cerebral angiography. Seventeen subjects had an ICA in aneurysm in subject 14; this aneurysm grew from 2 mm
to 8 mm over a period of approximately 12 years. Thisthe anterior circulation (85%) and three subjects had an
ICA in the posterior circulation (15%) at initial diagno- subject did not have surgery at the initial diagnosis of
ICA. When the aneurysm had increased to 8 mm, it wassis. Of the ruptured aneurysms, nine were in the anterior
circulation and two in the posterior circulation. Six sub- electively clipped without complications.
Because subjects with a previous RICA might repre-jects had definite multiple ICAs at initial diagnosis; two
of these subjects presented with RICA and four were sent a different population than subjects with an asymp-
tomatic ICA diagnosed through screening, we comparedasymptomatic. No subject had ESRD at the time of initial
diagnosis of ICA. All subjects with RICA and one sub- the characteristics of these two populations (Table 3).
Compared to subjects initially diagnosed with ICA throughject with intact ICA underwent surgical intervention at
the time of initial diagnosis. screening, subjects initially diagnosed with RICA were
significantly younger at initial diagnosis and had a sig-Subjects were restudied an average of 11.4 8.5 years
(1.6 to 30.2 years) after their initial diagnosis, six with nificantly longer time to restudy and follow-up; this oc-
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Table 2. Type and location of recurrent intracranial aneurysm (ICA) and ICA increased in size
Initial Number of Diameter Increase in Diameter of increased
Subject number presentation new ICAs Location mm existing ICAs? Location ICAs (change) mm
1 RICA 2 Anterior 4/4.5 No — —
2 RICA 1 Anterior 4 No — —
3 RICA 1 Anterior 6 Yes Anterior 4 (3)
10 RICA 1 Anterior 4 No — —
14 Screening 1 Anterior 2.5 Yes Posterior 8 (4.5)
Abbreviations are: RICA, ruptured intracranial aneurysm.
Fig. 1. Consecutive four-vessel cerebral angiograms in 1986 (A ), 1992 (B ), 1994 (C ), and 1998 (D ) demonstrating a continuous increase in size
of an existing right middle cerebral artery aneurysm in subject 14.
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Table 3. Subjects with initial diagnosis through ruptured intracranial aneurysm (ICA) versus screening
Initial diagnosis through ruptured ICA Initial diagnosis through screening Significance
Age at initial diagnosis years 32.27.6 (20.2–44.6) 44.39.6 (28.0–53.1) P  0.05
Time to restudy years 15.29.5 (4.7–30.2) 6.63.7 (1.6–12.7) P  0.05
Proportion with surgery 7/11 (63.6%) 3/9 (33.3%) NS
Time to surgery years 9.26.1 (1.3–17.1) 5.66.3 (1.6–12.8) NS
Time followed years 19.28.7 (8.0–33.2) 10.23.2 (6.0–15.2) P  0.05
Proportion with change at follow-up 4/11 (36.4%) 1/9 (11.1%) NS
Table 4. Characteristics of subjects with change versus no change
Change No Change Significance
Age at initial diagnosis years 31.09.8 (20.2–44.1) 39.99.9 (23.2–53.1) NS
Time to restudy years 14.13.9 (10.4–20.4) 10.59.5 (1.6–30.2) NS
Proportion with surgery 4/5 (80.0%) 6/15 (40.0%) NS
Time to surgery years 12.61.9 (10.5–15.1) 5.16.0 (1.3–17.1) NS
Time followed years 19.03.8 (14.7–23.2) 13.98.8 (6.0–33.2) NS
Proportion with initially ruptured intracranial aneurysm 4/5 (80%) 7/15 (46.7%) NS
curred because these subjects with RICA had experi- family history of ICA in 17, hypertension in 19, and a
history of smoking in 13, but there was no significantenced the RICA before they joined our study. Subjects
with initial RICA appeared to be more likely to have difference between subjects with and without change
a change on restudy than subjects diagnosed through with respect to family history of ICA, presence of hyper-
screening (36% versus 11%). However, this did not reach tension, ESRD at follow-up, or a history of smoking. This
statistical significance due to the small number of sub- could be due to the small number of patients available for
jects in the study. study.
As shown in Table 4, subjects with change were about
the same age and were followed for approximately the
DISCUSSIONsame period of time as those without change. One subject
Subarachnoid hemorrhage in the general populationhad a recurrent subarachnoid hemorrhage due to a RICA,
is devastating. Recent studies indicate an early mortalitywhich occurred 2.9 years after the initial diagnosis. On
(within the first month) of 8.3% to 66.9%; approximatelyreview of this subject’s films, it was concluded that no
3% to 19% of patients in these studies died before hospi-change had occurred and the recurrent RICA was likely
tal admission [9–17]. Other studies indicate that 10% torelated to incomplete clipping of the initial RICA. A
20% of patients die at home or are dead on arrival at atotal of ten subjects (50%) underwent surgery an average
hospital [18–21], and 12% to 30% never recover neuro-of 8.1 6.1 years (1.3 to 17 years) after their initial diagno-
logically from their initial bleed [22, 23]. The case-fatalitysis. All subjects underwent surgery after evaluation at the
rate may have declined at a rate of approximately 0.5%UCHSC with the exception of the subject with recurrent
per year during the last three decades [24]. Among theRICA. Indications for surgery were typically either per-
survivors of subarachnoid hemorrhage, a significant num-ceived growth of an existing ICA or development of a
ber live with disability of various degrees. According tonew ICA with a size 5 mm in diameter in an accessible
studies providing data on functional outcome, 9.5% tolocation. However, on further review of these subjects’
20% of individuals surviving a subarachnoid hemorrhagestudies, such changes were not always clearly present.
become dependent, and a high proportion of long-termIn some cases, the ICA was retrospectively found to be
survivors of subarachnoid hemorrhage experience ongo-present initially but unrecognized in the original study,
ing deficits in neuropsychologic functioning [8, 12, 13,either because the imaging techniques had improved over
16, 20, 22, 25–28]. Approximately 80% of subarachnoidtime or because the interpreter had the follow-up study
hemorrhages are from RICAs [29]. In approximately 4%available for comparison. This accounts for the discrep-
to 7% of patients with ADPKD, subarachnoid hemor-ancy between the number of confirmed changes and the
rhage secondary to a RICA is the cause of death [30–34].occurrence of surgical intervention in the present study.
Given these sobering statistics on mortality and mor-No subject died during the follow-up period of up to
bidity of RICA, an important question for those who33 years. Eleven subjects developed ESRD 13.5  6.4
have survived RICA is whether they will have a recur-years (1.0 to 23 years) after the initial diagnosis of ICA.
Most individuals had risk factors for ICA, including a rence of subarachnoid hemorrhage in the future. This
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has not been studied prospectively. Moreover, these data study, the study in itself does not address the role of
surgical intervention.raise the question of the natural history of those with
These results indicate that the likelihood of a poorasymptomatic, unclipped ICAs. This question arises
outcome over the period of follow-up observed in themore commonly now because many ADPKD patients
present study appears to be low in both asymptomaticundergo screening, so that small incidental ICAs are now
individuals discovered to have an ICA through screeningdetected. In the past, small ICAs detected by presymp-
and individuals who survive a RICA. Although the dif-tomatic screening may have been thought to have a low
ference was not statistically significant because of therisk of rupture; however, these ICAs may be clinically
small number of subjects, individuals with a previousimportant, since various studies have found that ruptured
RICA tended to be more likely to have a change onICAs can be small [8, 35–38]. Nevertheless, one short-
follow-up imaging than those without such a history (36%term study indicated no change in size of these incidental
versus 11%). This relatively high recurrence rate of ICAssmall ICAs over a mean period of 2.5 years [39]. Because
does support rescreening using noninvasive methods for
of these uncertainties, we performed this long-term fol- patients who are surgical candidates and are willing to
low-up study of ADPKD subjects with a previous history undergo surgery. No screening interval has been shown
of ruptured or unruptured ICA. to be absolutely satisfactory. However, the fact that no
The results of the present study indicate that ADPKD recurrence was seen at less than 10.4 years suggests that
individuals with ICAs are at risk for formation of a new a screening interval of 5 to 10 years may be adequate.
ICA and/or increase in size of existing ICAs. This risk Limitations of the present study include the relatively
was 25% (five of twenty subjects) in this study over low number of subjects as well as the limited screening
a mean period of 11.4 years. The shortest and longest frequencies of individual subjects. However, the present
screening intervals to a change were 10.4 years and 20.4 study includes more subjects followed for a longer time
years, respectively. Of the twenty subjects restudied at than any other published study of which we are aware.
11.4  8.5 years (1.6 to 30.2 years), five experienced a Although there is good correlation between MRA and
change, including a new ICA, in all five subjects. Two four-vessel cerebral angiography, MRA appears to be
inferior for detection of small ICAs (5 mm) [44, 45]. Inof these five subjects experienced an additional increase
terms of subjects who were diagnosed with ICA throughin size of another existing ICA. With the exception of
rupture, an obvious selection bias exists in that thoseone 8 mm ICA, all of these new or changed ICAs were
included in this study must have survived their initialsmall (6 mm) and none ruptured; however, four of
event. Nevertheless, these results provide clinicians andthese five subjects had experienced a previous RICA and
ADPKD patients with valuable information regardingthus were thought to be at risk for a recurrent rupture. In
the course of their illness, specifically with regard to thethis cohort, there was no significant correlation between
recurrence of an ICA and/or RICA. Importantly, althoughchange and the presence of several possible risk factors,
surgery more than 1 year after initial diagnosis of ICAincluding gender, a family history of ICA, presence of
was not uncommon (N 10), this study shows that long-hypertension, ESRD at follow-up, or a history of smok-
term survival after a ruptured ICA, or with an asymptom-ing. Although not statistically significant, four of the five
atic ICA, is quite common among patients who survivesubjects with a change were female; there are data sug-
their initial event. Whether the low rates of recurrent
gesting that rates of ICA formation and RICA in the rupture and death reflect the natural history of ICA in
general population are higher in females [40–43]. A fe- ADPKD or the prevention of recurrent rupture or death
male preponderance of ICA has not been observed in by rescreening and surgical intervention is unknown.
the ADPKD population [1–3, 30, 34, 35].
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